Objective: To develop and assess the validity of the Dietary Quality Score (DQS) and investigate the association with cardiovascular risk factors. Design: Cross-sectional population-based study. Setting: Copenhagen County, Glostrup, Denmark. Subjects: A random sample of 12 934 men and women aged 30-60 years were invited to a health examination. A total of 6542 participants were included in the statistical analysis. Methods: The DQS was developed using eight questions from a 48-item food frequency questionnaire (FFQ) and validated using a 198-item FFQ. Associations between the DQS and fasting serum lipids, homocysteine, blood pressure and the absolute risk of ischaemic heart disease (IHD) were explored. Results: A higher DQS was shown to be associated with higher dietary quality in general, including a low intake of fat, especially saturated fat; a high intake of fibre; various vitamins and minerals; and fruit, fish, vegetables and whole-grain products. A higher score according to the DQS was significantly negatively associated with total cholesterol (P ¼ 0.0031), triglyceride (P ¼ 0.0406), low-density lipoprotein-cholesterol (P ¼ 0.0071), homocysteine (Po0.0001) and the absolute risk of IHD (Po0.0001), adjusted for sex, age, smoking habits and physical activity level. Conclusions: The DQS is a simple, valid and quick tool to make a rough classification of individuals into groups with high, average and low dietary quality. The DQS is negatively associated with serum lipids, homocysteine and the absolute risk of IHD.
Introduction
During the last decade, both observational and intervention studies have provided evidence of the effect of dietary patterns on especially all-cause mortality and cardiovascular disease (Kant, 2004) . Thus, studies of elderly people have shown that dietary patterns were a stronger predictor for survival than single nutrients or food components (Huijbregts et al., 1995; Trichopoulou et al., 1995) and Tucker et al. (2005) recently demonstrated an additive protective effect of low intake of saturated fat and high intake of fruit and vegetables in relation to coronary heart disease mortality. Similar clinical trials have shown that changing dietary pattern rather than single dietary components is more effective in lowering blood pressure (Appel et al., 1997; Conlin et al., 2000; Sacks et al., 2001) . Investigating the effect of the overall dietary habits is therefore a relevant alternative or supplement to the traditional approach of investigating the effect of single dietary components.
Hence, a variety of dietary scores and indexes (Patterson et al., 1994; Huijbregts et al., 1995; Kennedy et al., 1995; Kant and Thompson, 1997; Haines et al., 1999; Trichopoulos et al., 2003) have been developed to measure the overall dietary habits, but no gold standard has emerged. Most of the dietary indexes that have been developed require extensive dietary assessment methods. However, when investigating a large study population and especially when the assessment of the nutrition intake of individuals is not the main focus of a study, it is necessary to have dietary assessment tools that are valid, short and easy to administer. Although a simple dietary assessment tool, such as a short food frequency questionnaire (FFQ), does not make it possible to compute the nutrition intake in detail, a rough classification of the participants into groups with low, medium or high intake still permits the examination of nutritional hypotheses and the assessment of dose-response relationships (Block, 1982) . The challenge, however, is to correctly classify individuals despite the shortness of the instrument. A few indexes on overall dietary quality based on a short FFQ have been developed (Kant et al., 2000; Osler et al., 2001; Huot et al., 2004a, b; Massari et al., 2004) , but the validations of most of these have been sparse. The objective of the present study was to develop a Dietary Quality Score (DQS) based on a short FFQ and to validate it against a 198-item FFQ. Furthermore, the objective was to investigate if the score was associated with biological risk factors for cardiovascular disease.
Study population and methods
This study used baseline data from the Danish populationbased Inter99 study, which is an intervention study on diet, physical activity and smoking. The study aimed to decrease the incidence of cardiovascular diseases.
The study population comprised all 61 301 individuals born in selected years ) from a defined area of the suburb of Copenhagen. All individuals were drawn from the Civil Registration System. An age-and sex-stratified random sample of 13 016 individuals was drawn from the study population. Of the 13 016 people sampled, 82 individuals were non-eligible, as they had died or could not be traced. The remaining 12 934 subjects were invited for a healthscreening programme at The Research Centre for Prevention and Health. A total of 6906 (53.4%) subjects turned up for the investigation. Out of these, 122 subjects were excluded because of alcoholism or drug abuse (n ¼ 23) or linguistic barriers (n ¼ 99). The Inter99 study is described in detail elsewhere (Jorgensen et al., 2003) .
The invitation included a detailed questionnaire to be completed before attendance at the centre including information on sociodemographic and lifestyle factors. Dietary habits were assessed by a 48-item FFQ.
Education was defined on the basis of questions regarding number of years of vocational training categorized into four classes: (1) no vocational training, (2) up to 1 year of vocational training, (3) 2-4 years of vocational training and (4) over 4 years of vocational training. Physical activity during leisure time was recorded by the participants scoring themselves into one of four categories, mainly sedentary, moderate activity, regular exercise and heavy training (Saltin and Grimby, 1968) .
On the day of attendance at the centre, all participants were asked to be fasting from midnight. Fasting blood samples were drawn for assessment of total cholesterol, high-density lipoprotein (HDL)-cholesterol, triglyceride and homocysteine. Homocysteine level was only determined on approximately half of the Inter99 population (2788 persons), selected a priori. Homocysteine was determined using a fluorescent polarization immunoassay. Cholesterol and triglyceride were determined with enzymatic techniques (Boeringer, Mannheim, Germany). Low-density lipoprotein (LDL)-cholesterol was calculated by Friedewalds's equation (Friedewald et al., 1972) . Blood pressure was measured twice after 5 min of rest in the lying position. Height was measured without shoes to the nearest 0.5 cm and weight was measured without shoes and overcoat to the nearest 0.1 kg. Waist circumference was measured midway between the lower rib margin and iliac crest. Body mass index (BMI) was calculated (kg/m 2 ). For each participant, the 10-year absolute risk of ischaemic heart disease (IHD) at a fixed age (60 years) was estimated using The Copenhagen Risk Score (Thomsen et al., 1997) . During their stay at the centre, the participants were additionally asked to complete a 198-item FFQ (long FFQ).
Data on dietary intake
Data on dietary intake used for developing the DQS were assessed using the 48-item FFQ. It included questions about the type of bread, spread and fats used for cooking. The participants were further asked how often 27 food items (including hot meals, accompaniment to hot meals, vegetables, etc.) were consumed the last week choosing between four possible responses: 0, 1-2, 3-4 or 5-7 times a week. For fruit intake, there were eight possible responses ranging from none to more than six pieces a day.
The long FFQ covered 198 food items and beverages. It was based on FFQs previously used and validated in the Diet, Cancer and Health Study and The Danish National Birth Cohort (Tjonneland et al., 1991; Olsen et al., 2001) , but the questionnaire was modified to improve estimates of fatty acids, cholesterol and complex carbohydrates. The long FFQ has been described previously (Tjonneland et al., 1991; Olsen et al., 2001; Lau et al., 2004) . Briefly, participants were asked to report their average intake of different foods and beverages the last month, choosing between 7 and 11 possible responses, ranging from never to eight or more times a day. The questionnaire also included questions about the types of bread, spread and fat used for cooking. The food consumption quantity was obtained by multiplying the frequency of consumption of each unit of food by standard
The Dietary Quality Score U Toft et al portion sizes (Haraldsdottir et al., 1998; Biltoft-Jensen, unpublished work) . To translate food consumption into energy intake and daily nutrient intake, all food items were linked to food items in the Danish Food Composition Databank version 6 (in this paper we used an updated version compared to the earlier study by Lau et al., 2004 ) (Saxholt et al., 2005) . The software program FoodCalc version 1.3 (Lauritsen, 1998) was used for the calculations.
Developing the DQS Using the 48-item FFQ, we developed the DQS as a crude index of the overall quality of the dietary habits. The calculations were based on indices of overall diet quality (Kant, 1996) and the Danish Dietary Guidelines (The National Consumer Agency, 1995; Trolle et al., 1998; Becker et al., 2004 ) that emphasize consumption of at least 600 g of fruit and vegetables each day, at least 200 g of fish a week and a low intake of total fat (o30% of the energy intake) and saturated fat (o10% of the energy intake). The score was based on the following questions: fruits, boiled vegetables, raw vegetables, vegetable or vegetarian dishes, fish for lunch, fish for dinner, fat spread and fat used for preparation.
A three-point scoring system was developed for each of the four food groups: fish, fruits, vegetables and fats. The recommended intake of fish, fruits and vegetables (The National Consumer Agency, 1995; Trolle et al., 1998) , respectively, was used to approximate the upper cutoff point for the corresponding food groups. The cutoff point for a high score in the fat group was no use of spread and no use of fat or use of olive oil for cooking. The lower cutoff point was defined as only using saturated fats for cooking and spread; no intake of fish; or a very low intake of fruits (p2 pieces/ week) and vegetables (p2 servings/week), respectively. Thereby, the participants were categorized into three groups in each food group: two smaller groups with a very healthy (three points) and a very unhealthy (one point) intake, respectively, according to the recommendations; and a larger group with an average intake (two points). Summation of the four food variables resulted in a score ranging from 1 to 12 points. The construction of the DQS is shown in Table 1 .
A total of 242 participants did not complete the 48-item FFQ, leaving 6542 for analyses. Additionally, 206 subjects did not complete the 198-item FFQ or clearly misunderstood the questionnaire (by repeatedly putting two or more marks for each questions), leaving 6336 for analyses including the long FFQ. Subjects treated with lipid-lowering medication (n ¼ 90) or antihypertensive medication (n ¼ 470) were excluded from the analyses of the association between the DQS and cardiovascular risk factors.
Statistical analysis
Statistical analyses were carried out using the SAS statistical software package (version 9.1, SAS Institute Inc., Cary, NC, USA).
Dietary intake according to the 198-item FFQ was used to evaluate whether the DQS adequately reflects dietary quality. Linear trend across the categories was evaluated by modelling the score as a continuous variable in the model and testing for model reduction. Because the data on dietary intake were not normally distributed, correlation coefficients between the DQS and various food and nutrient intakes were assessed using Spearman's correlation coefficient. Furthermore, gamma coefficients were calculated.
The association between the DQS and socioeconomic and lifestyle factors was examined in an ordinal logistic regression analysis, with the DQS as the dependent variable and education, sex, age, smoking and physical activity as independent or confounding variables.
The association between the DQS and various cardiovascular risk factors (serum lipids, homocysteine, systolic blood pressure, waist circumference, BMI and The Copenhagen Risk Score) was evaluated through two sets of linear regression models: linear regression models adjusted for sex and age; multiple linear regression models adjusted for sex, age, physical activity and smoking. To investigate the confounding effect of physical activity and smoking, these variables were eliminated to check for changes in beta coefficients. Finally, BMI was included in the multiple regression models. In the analysis with BMI as the dependent variables, waist circumference was included instead of BMI. In the analysis of the association between the DQS and The Copenhagen Risk Score, there was only adjustment for physical activity, because BMI and smoking are incorporated in the score. Linear trend across the DQS was evaluated as described above. F-tests were used to test for significance, defined as Po0.05. The standardized residuals of the final regression models were examined to verify assumptions of linearity, variance homogeneity and normality. To normalize the distribution and to improve the variance homogeneity of the residuals, homocysteine, triglyceride and The Copenhagen Risk Score were natural logarithmically transformed.
Results
Characteristics of the participants by DQS score are shown in Table 2 . The DQS was significantly, positively associated with female sex, higher social position, no smoking, age and physical activity level at leisure time.
A higher DQS was associated significantly with a lower intake of total and saturated fat and a higher intake of carbohydrate, fibre, various vitamins and minerals, fish, fruit, vegetables and whole-grain products. Spearman's correlation coefficients between the DQS and the 198-item FFQ varied much between dietary components and were highest for fruits (r ¼ 0.55) and lowest for vitamin A (r ¼ À0.05) ( Table 3) . Gamma coefficients ranged from 0.46 (fruits) to À0.04 (vitamin A).
The DQS showed a significantly positive association with HDL-cholesterol and a significant negative association with
The Dietary Quality Score U Toft et al total cholesterol, triglyceride, LDL-cholesterol, homocysteine, waist circumference and the absolute risk of IHD (The Copenhagen Risk Score) when adjustments for sex and age were made (Table 4) . Taking physical activity level, smoking habits and education into account, the described associations remained, except for waist circumference and HDL-cholesterol. The association between the DQS and waist circumference was confounded by physical activity level, Healthy dietary habits (7-9 points) n (%)
Average dietary habits (4-6 points) n (%)
Unhealthy dietary habits (7-9 points) n (%) The association with the DQS, estimated in a multiple ordinal logistic regression analysis with the dietary score as response and including sex, age, education, smoking status and physical activity level in the model. Owing to missing values for education, smoking status and physical activity level, the number of participants in this analysis is reduced to 6112.
The Dietary Quality Score U Toft et al whereas both physical activity and smoking habits were confounding factors in the association with HDLcholesterol. The DQS showed no association with BMI. Neither did BMI seem to be a confounding factor in the associations with cardiovascular risk factors, as none of the estimates and Pvalues changed markedly by adjusting for BMI in the analyses (data not shown).
Discussion
The DQS was developed to create a simple and quick instrument to assess the overall quality of the dietary habits. A higher DQS was shown to be associated with higher dietary quality in general, including a low intake of fat, especially saturated fat; a high intake of fibre; various vitamins and minerals; and fruit, fish, vegetables and whole-grain products.
In accordance with the results of other studies, a higher DQS was significantly negatively associated with the serum level of total cholesterol (Keys and Pralin, 1966; Verschuren et al., 1995; Brunner et al., 1997) , triglyceride (Singh et al., 1992; Volozh et al., 2002) , LDL-cholesterol (Keys and Pralin, 1966; Brown, 1983) , homocysteine (Fung et al., 2001a, b; Villegas et al., 2004) and the absolute risk of IHD (Burr et al., 1989; Law and Morris, 1998; De Lorgeril et al., 1999; Hu et al., 2000; Fung et al., 2001a, b) .
A few other scores and indexes have been developed; similar to the DQS as these were constructed to capture the overall dietary quality based on dietary recommendations, requiring only a short FFQ. The Food Pyramid Index (Massari et al., 2004) and the Global Dietary Index of Food Quality (Huot et al., 2004a, b) focused on food items rich in fat, whereas the Healthy Food Index (HFI) included questions on butter/margarine, vegetables, fruit and coarse bread (Osler et al., 2001) , and the Healthy Diet Index (HDI) included questions on vegetables, fruits, meat and fish (Dynesen et al., 2003) . The Food Pyramid Index (FPI), HFI and HDI were found to be associated with risk factors, mortality and sociodemographic factors, respectively, but none of the scores has, to our knowledge, been validated against other dietary measures. The Global Dietary Index (GDI) was validated against seven 24-h diet recalls, but the score was only validated against energy and fat intake, which does not necessarily reflect the overall dietary quality (Huot et al., 2004a, b) . The Recommended Food Score (RFS) (Kant et al., 2000) is probably the index, in the category of simple indexes, that has been validated and used the most. The weight in this index is on the intake of fruit and vegetables (65% of the 23 questions) and the score further includes whole grains, lean meats or meat alternatives, and low-fat dairy products. The RFS has been shown to be associated with mortality, various risk factors and biomarkers of dietary intake and has been validated against a 24-h diet recall. P-values for trend, gamma coefficient and Spearman's correlation coefficient analyses are made using the 9-classed score. b All Spearman's correlation coefficients and gamma coefficients were significant, Po0.001.
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The correlation coefficients found in this study were at similar levels as those found for the RFS (Kant and Graubard, 2005) and also for other, more complex indexes (Kennedy et al., 1995; Tur et al., 2005) . Recently, Kant and Graubard (2005) compared the association of the RFS, the Healthy Eating Index (HEI) and the Dietary Diversity Score (DDS) with cardiovascular risk factors. In accordance with the findings of this study, all three scores were associated with homocysteine whereas, in contrast with the DQS, the three scores did not associate with triglyceride. The association with total cholesterol was also found for the RFS and the DDS, but not for the HEI, whereas only the HEI was associated with LDL-cholesterol. The RFS and the DDS were associated with systolic blood pressure, in contrast with the DQS and the HEI. Contradictory to the DQS, all three scores were associated with BMI. Similarly, the FPI (Massari et al., 2004) was found to be associated with BMI in men but not in women. The reason for The Dietary Quality Score U Toft et al the missing association between the DQS and BMI is unclear.
The missing association with HDL-cholesterol, when smoking and physical activity level were taken into account, was in contrast with our expectations, especially because the score includes fish intake. However, this finding is in accordance with the results of the RFS and the DDS (Kant and Graubard, 2005) and the Lyon Diet Heart Study (De Lorgeril et al., 1999 ). An explanation for this could be that some studies have shown that when substituting fat with carbohydrate both LDL-and HDL-cholesterol decrease (Martin et al., 1986) . Hence, HDL-cholesterol concentration might be more closely related to, for example, physical activity level and smoking than a low-fat diet.
When constructing the score, the creation of two smaller groups with healthy and unhealthy dietary habits, respectively, and a larger group of individuals with an average dietary quality for each food group was emphasized. This strategy was chosen to optimize the information on variability compared to if the score had been scaled as dichotomous measures according to the median for the dietary intake or in tertiles of equal size.
The Danish Dietary Guidelines emphasize, in addition to the dietary recommendations included in the DQS, a high intake of fibre (43 g/MJ). In addition to the intake of fruit and vegetables, whole-grain products, including bread, are an important source of fibres. The questionnaire did not include sufficient information on bread intake, and therefore this food group was not included in the score. In spite of this, the results from the validation study showed a reasonable association between the score and the intake of fibre.
The similarities in the designs of the long and the short FFQ may cause an overestimation of the validity of the score. Optimally, the score should be validated against the results of multiple-day food records. However, Coates et al., (1995) and Kristal et al., (1990) investigated this issue and did not find higher correlation coefficients between a long FFQ and a short FFQ than between a short FFQ and a food record. The fact that the two FFQs measure the dietary intake of different periods (the last month versus the last week) might on the other hand cause an underestimation of the validity of the score.
Despite the extensive use of correlation analyses to validate dietary assessment methods, correlation coefficients provide only a limited measure of the level of agreement between two measurements (Bland and Altman, 1986 ) and correlation coefficients should therefore not be used alone. The correlation coefficients are actually not very useful when comparing results from different populations and the results are in general difficult to interpret. Correlation coefficients depend, for example, on the range of the true quantity in the sample (Bland and Altman, 1986) . Thus, in this study, it would mean that the correlation coefficients would be greater if the score was categorized into more categories. Furthermore, correlation analyses ignore any systematic bias between the two variables. A better measurement is the gamma coefficient. Gamma coefficients are appropriate for measuring the relation between two ordinally scaled variables and the interpretation of these is easier. Gamma coefficients are based on the number of concordant and discordant pairs of observations and measure the degree to which individuals are ranked equal by the two methods (Goodman and Kruskal, 1979) .
Although the DQS seems to be able to classify individuals reasonably into rough categories of high, average and low dietary quality, misclassification must be considered. Nevertheless, if overall dietary habits are of interest and nutrient intake is not necessary to estimate, or if dietary habits might be a confounding factor of the association explored, the DQS is very useful in large studies. In fact, to construct the DQS, it is only necessary to include eight questions about dietary intake to get a rough classification of the individuals in a population, according to their dietary habits. Because the score is such a simple, quick and inexpensive dietary assessment method, it is possible to include it in most studies. Furthermore, the DQS might be a good tool to assess dietary changes in a population. Future research will explore if the score is sensitive enough for this purpose.
A limitation of this study is the cross-sectional design. A relevant future study would therefore be to explore the associations between changes in the DQS and changes in the described risk factors. Furthermore, it is relevant to investigate if the DQS can predict disease.
Conclusion
The DQS is a simple, valid and quick tool to make a rough classification of individuals into groups with overall healthy, average or unhealthy dietary habits. The score is significantly negatively associated with total and LDL-cholesterol, triglyceride, homocysteine and the absolute risk of IHD.
